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C.2 ANGLE MEASUREMENT SYSTEMS

There are three different methods of measuring the azimuth and
elevation angle of a free flying balloon with respect to the ground sta­
tion: optical observation (optical theodolite), radio direction finding
(RDF or radiotheodolite), and active tracking by radar.

Both types of theodolite need the hydrostatic height measured by
the radiosonde whereas the radar requires only a reflector.

C.2.! OPTICAL THEODOLITE

The optical theodolite is a simple and inexpensive means to meas­
ure the winds. An operator manually tracks the motion of a balloon
with the theodolite. Weather is its most severe limiting factor. The
modern optical theodolites (Automatic Optical Theodolite, AOT) have
a computer interface in order to read the angles automatically, allowing
the system to be operable by one person. The height can be approxi­
mated assuming a constant rate ascent for the radiosonde, which incor­
porates unnecessary inaccuracy into the measurement, or use the hydro­
static height computed from the radiosonde data. The advantages of an
automatic optical theodolites are:

+ simplicity
+ accuracy at low level
+ reliability of equipment
+ lowest level less than 100 m
+ good mobility
+ good maintainability
+ passiveness
+ independent of remote transmitters
+ good electromagnetic compatibility

The optical tracking is very dependent on the weather conditions,
which is its principle disadvantage:

- useless in severe weather
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maximum height limited by cloud base
accuracy depends on the distance

- accuracy depends on the operator's skill
- the operator needs to track the balloon continuously
- two operators needed in release

radiosonde is needed for accurate height and wind determina­
tion
improper position fix
not usable aboard ships or mobile platforms

C.2.2 RADIO DIRECflON FINDER (RDF)

The radiotheodolite, or RDF, operates by tracking the position of
a radio frequency emitter (radiosonde). There have been several at­
tempts to allocate the frequency of radiotheodolites in an optimal way.
Systems using 25 MHz and 400 MHz have been realized but the 1680
MHz system is superior to the others. Some RDFs are also functioning
as second survey radars sending a radio pulse, which is received by the
radiosonde, amplified, and retransmitted to the ground station. These
are called transponder systems. They determine the range fairly accu·
rately, like radars, but lack the major advantages of an RDF, compared
to radars, namely simplicity and passiveness. They also require a com­
plex radiosonde with receiver and retransmitter.

The popularity of the RDF among certain user groups is due to
three major factors. First, the system is passive, surviving radiation seek·
ing missiles (unlike radars). Second, the system is independent of re­
mote transmitters (unlike navaid-based systems). Finally, modern com­
puter technology makes extensive data quality control possible, which
improves data reliability. The advantages are:

+ simple construction (compared to radar)
+ independence
+ passiveness
+ adequate accuracy (for ballistic corrections)
+ good mobility
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+ all-weather system

There are also many disadvantages:

electromechanical system
after processing, winds are too smooth

- without processing, winds are unreliable
accuracy depends on range (100 km max.)
requires two operators
always requires a radiosonde
improper position fix
expensive for shipboard use

C.2.3 RADAR (RADIO DIRECllON AND RANGE
FINDER)

The windfinder radars have been a very common means for wind
observations but their use is declining due to the fast development of
small and inexpensive navaid-based systems and new generation RDFs
with ample processor capacity. The radars are still justified for
windfinding in special cases, where the main purpose is in another do­
main of interest. Special radar installations are expensive and they are
not purchased only for windfinding purposes. The best comparisons
and reports concerning windfinding by radars refer to special radar in­
stallations. The basic windfinder radar has relatively few advantages:

+ radiosonde is not needed for wind observation
+ rather accurate at low levels
+ in good weather the first level is about 300 m
+ independence

The list of disadvantages is fairly long, which explains their declin­
ing use:

complex electromechanical system
loses the target easily
requires two to three operators
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accuracy depends on range
refraction and reflections cause uncorrectable errors
automatic quality control is not normally included in the sys­
tem
without automatic quality contro\, manual work is required
maintenance requires special expertise
heavy reflector requires big balloon and much gas
active radiating system
improper position fix

C.3 REl\10TE SENSING

Remote sensing for windfinding can use either acoustic or electro·
magnetic radiation. In order to measure horizontal and vertical wind
components at least three beams are required, where one beam is
pointed vertically and the two others are tilted off zenith and at right
angles to each other. The antennas transmit pulses in sequence, which
are backscattered from the atmosphere and received by the antennas,
giving a three-dimensional picture of the movement of the scatterers.

The scatterers are small scale temperature and humidity fluctuations in
the atmosphere moving with the wind. The movement (wind) is com­

puted from the Doppler shifts of received backscattered signals.

C.3.! SODAR (ACOUSTIC RADAR)

The atmosphere scatters and absorbs sound waves much more
strongly than it docs electromagnetic waves. This limits the maximum
altitude of sodars to 1.5 km or less. Because the sonic speed is very low
compared to electromagnetic waves, the lowest altitude sampled is near
the surface and the resolution is good. Sodar is justified in some appli­
cations by its simplicity and low cost, but its dependence on weather
makes it less useful during severe conditions when the data are most
important. Sodars also get reflections from temperature inversion lay­
ers, allowing such features to be monitored continuously during devel·

opment. The advantages of sodars arc:

+ continuous operation

C-7



+ good vertical resolution
+ first level about 50 m
+ unattended operation
+ inexpensive
+ the height of temperature inversion layer can be monitored
+ good electromagnetic compatibility
+ passiveness
+ independence
+ radiosonde is not needed
+ proper position fix

The disadvantages are few but severe:

nearly useless in heavy wind
useless in rain

- vertical range 50 m - 1500 m or less

C.3.2 CLEAR-AIR RADARS (WIND PROFILERS)

The wind profiler represents the newest technology making use of
the recent developments of computers and radiotechnology. Its indis­
putable merits are the automatic, continuous, all-weather operation, and
high accuracy; its main disadvantage is the relatively high investment
cost of the larger systems. The wind profiler is the only means to pro­
vide wind observations from remote, unattended sites and continuous
profiling with a proper position fix to high altitudes. These features
make it suitable for both synoptic scale and mesoscale observations.
The principal advantages are:

+ continuous profiling
+ low-operating costs and low life-cycle cost
+ vertical range 100 m - 18 km
+ fast profiling
+ three-dimensional profiles
+ fairly immune to weather conditions
+ remote, unattended operation
+ radiosonde is not used
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+ proper position fix

The disadvantages are:
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Wind Profilers at 449 MHz
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The government plans to place new Doppler radar systems for
better weather forecasting at a popular repeater frequency, but
the news isn't all bad.
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By Rick Palm, K1CE
FiHl services Ma~r

I
t CQm~ a.~ a sh~k to some that ""e
3.J'!llitCIOIS den'! have e>.dus-;vc \lS~ of
:lU of "our" bands. Mere she-ding

SOme'41les is the fact that we don'! even
have pric~it)· U5e: In mJst of the UHF ~l'ld

hiillH bands. Amateur Radio is. :ictually
secondary to primary tovernment radio·
loca:ion (mJitar)' raoilll and other services.
(f you don't be1i~ve it. look in the FCC's
Table of Frequen.:y Allocalions in Part 2
"r it~ Rules, or glanct' a: yo\.:, own cop)'
of Pan 97 wheie these arrangements are
manifested, The US $overnmel'lt i~ frC( to
:10 what it chOOses iD these band~, and for­
runately for U~. we h3'.e pro\'cn te, be BOCci
~hanng partners.

This lead~ us 1('1 ~h~ case at hand, an~ !~e

;ubje~t of l"j~ .:::tLk Her~'~ a !~JCt?o<'J,;
.::ase of the !<,"'er:",n~-:11 e."t.lTcwng l1$ r1ght~,

ind the amate~r ;~~m~:'llty, 1'~icsentt'd

by the ARR1. ma~ ~ng su'e '!!'s the t-eS! ft:

................-

we can get. If you'rt a 449-MHz repeater
owner Or user, you•...e &ot a vested interest
In this. It you're not, you'll still want to
undttStand bew the system workS for the
ne-'tt time, .. and you can bet there will be
;1 nex1 timel

As ne.....s of tht Intctdepa..."1.ment Radio
Advisory Committee's deciSion to place
government wbld profller radar systems at
449 MHz spreads tiJrouihout the amalcur
communiry. 5t\eraJ questions ha\'e been
raised. (A government entity, IRAC asmu
the NatiOl'l.aJ Telecommunications and
Information Acl:llinistrll.tion in a~j8n.i~g

frequcncies to io"ernmcnt radio stations
and i:l de\'clopini and executing plans,
pro~dures. and tectnic:aI criteria.) To
adjress their concerns. we are prescntin,
the issues in the followinj1 question-and..
answer format.

{2, "f'hllt ir Q J41Jfd pI'Ofiltr radlU r)JS"m~

A. A w~lld pI ::Jfiler is a Dopplct radar that

measures atmospheric wind speed and
direction directly above its 1oc:ation. Under
a National Oceanic and Atmospherk
Admini5tration (NOAA) proaram. these
systems will provide timel)' information On
wind c:oDditions from about SOO m (ISO')
tt) to 16.5 kID (53.000 ft) above around
level. This information will allow aircraft
to operate more safely while U5ing less fuel
It will htlp meteorololiSU to prfdict mor'2
precisely and accurately the d~eJopmem

and movement of weather phenomena suc:h
as &eVert thundfistOrms. Profilers will a~.
enable better prediction of the movemen';
and cIispe:r~on of volcanic ash an" atmo­
spheric pollutants aDd mitiaat~ the cff~,
of cn"'ironmellt&l hUards.

Internationally, wind prorllers in thc'
future will be used to support l::OUlmiunent;;
made by the US and other countrie:
ducush the World MeteorolQlical Oraani
zation to provide a worldwide network or
stations maJtina upper-.air ob~rvations

These data are used in computer models of
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th~ atrnoi?herl~to mak¢ short. medium and
long-ranle weather forecasts.

Q. dt> II,y OPeN,,?

A. "r'''ld profiler systems hllve an antenna
radiation p.att~:n ~_bat is et>s.er:t.ially ~traiiht

up, with veally reduced side lobes. to
de~etmint: the le)oci~y of L~e air "'1thin the
main bum. n e operating freq-Jenc)' drte:'·
mines the al~itl de of the obseMltiom. with
frequencil:'S nfjlt 400 MHz providir.g the
.ltitud~ ratli~ Je«led by "-:OAA Weatta;c
fortQ~ting is increasingly dependent on
computer mOlds of ~"e atmosphere. To
produce accur at£ fn·ccasts. these models
require large :luantitie<; of timely wind
observatior.s, 1'S~ci.ilJ!y from aIm:Jd~ of
6 to IS kIn. Stcnn mO'vcmf::lt anc develop­
ment aft stro:-.gly inf1uenced by w'nds at
these altHudes, T~~e arc aho the a!titud~

\lSl!d by coJn\:1l:rcial pasr.enil't aiTcraft
whose sctledul':i are partially depenc;ent on
the \\ind forc'C8'l:.$ COIDlr.g from the&e com·
puter models.

NOAA's 40< MHz profilers op¢nte ;n
two modes. 'With 20 dB bandwidt~s of 400
kHz in hisher-~ OW~1 mOC:e and 600 j( Hz in
the lowcr.po'4'«( mode. The antenna lobe
is aimed mai~htup (\'ertical) Or skeowed IS
degrees from \ erJcal, during. operation;
Cl1figy in other \fim:tion.~. such as aloni the
ground. is dtlib~ra1e:)' k~l to a minim.l:n.

Q. Do these p'~fllers d,lect ...·ind sh,ar?

A. Wind profilm opczanni ~...ar 400 MHz
will detect wind J-.e:lr If it j£ occurring above
500 no. (I SOO ft) :1"tey wjl! not der«t very
low le...~ wina SleaT ;~t alxlve the pol,lna.
wttich may t>e haz.<..r;!o~ t.:: aircraft j·i,l:".t
touchi:1~ down :m 6.., .;~}<>rt n:nwa~'. but
that CaD ~ don ~ b} ...ind pre-filers operat·
ing at ;) fr~~:-: ,cy ar.;1i.:nd I((lC MHz.

(l, Haw m.uty :)-slemj ...·iN iH d.zp!oy'fi?
When.9 Wh,rt! On WMt /Tlfl",.m:;ul

A. Thim~ne~ stems, pr,-sently operatjng
on 404 \1Hz, a'e located in t:le Mid....·t5t

(from Net-ra.'k,s ~o Te~as, and Co!orach I'.)

Arkansa:,. and (·n~ il" COM'C'Ctku~j it'n(,";"
ally away from .net:-opoI:tan are.1s, nla.l",r
hi8h"'ay~ and aJ. -pons, AbcU' anoth(': 20rj
profi:ers may tl1ti:natelj be depioyed ,m
449 MHz in the years to fo:1",,", depe.1d·
in$ or: II r.umbe ~! factors. incl:;~mg the
NOAA b~d,-,,~t.

The Io--..alion. or profile lit~ for
:neteNologicaJ r'lTf~castingwin probably be
chosen to ii"t • ;ouih}y uniform grid SPac­
in,! but the exact JoeatioMs can \llry by 20
or 30 r.Ir1.~~. The detailed locations wculd
be c11~ lO avoid I as far~ possible. radio
jntcrfert'flcc to <:nd fr"m other servi~_

It has be-~ ~d tbat the 31 e;.;isting S)'S­

tt'HU will I'.I"! deir operating fTequen~
changed :'0 449 MHz on September 30,
1993. 'u IR.-tC representative has.
howe', nr<mTi~ the ARRl that there is
some fiaibili.y \If the Septerr.~r 30 date.
indkaljl11 that ;·ome exccptio':'\s may be
'n;)de, p-oslponi~.i the action temporarily

Or even indefinitely. All profilers may not
ha \'( to move to 449 MJi~

Q. Ar~ pro/Un 1ystem$ /1'ftIumcy-tl,;/~'!

A. Not really. If profiler radars could be
tune1 O\lCt a wide Bl'llt of frtqUf::)cies, this
would further eue frequetlc)· manageIDt,nt
prohlems. Tl\e$e rad~n. are, however •large:
complex units which ir,voh'e major ir:vest­
ment in the ~haied am~' lII,tenna and
rC'Cci,cr Rll' ,!;tai~. and mOl:'!)' param'ters
neC'd to be optimized for e4lch po5~)ble

operating rreQu~nc). As a result. a jivtD
.lnlem:a desii rJ ::a."l be 1.l.5t:d only for fr~·

quenci~ vllI1;'lg over a range of pbl or
minus 1.0"0.

Q. H(ltl man)' IlMiIlt",,. Np.f#r3 ...ill be
a/fecttd by wind profilers?

A. Beeause of the ,encrally remote loca­
ticn of :he systems. and n'le fa::t tbal shar·
ing problems will be minimized Cluuide of
a 3O-mile radius of ea::h system. the impact
should be IrJnihlal Tne vast majority of
repeater" will be unaffected. The ARR~
ha~ tne geo~aphjcaJ coordinafe:,; for the
e~i~;jn8 31 profilers and mClst amateur
repeaters. We will compare the: seu of coor·
dinates to identiCy potential trouble spot~.

There ia atloth(.'r dimen!':ion to the iitua·
tion: While most repeaters bave outpuu on
449 MHz., some bave lo'Cated their inputs
there. InferfCTtn~ problems are possiblt.
and tl'Chnical solutions will Deed :0 be
developed ac:e:ordingly.

Q. 449 MHf. is in 411 amoullr band! nrry
ctI1I 'I IIla11y put Me", Olf ou, blmds. ctVJ
'he}"

A. Like mQ5t of the bands above 22S MHz,
aIn:!tcu::-. 5h~ the 420-450 MHz. bane on
a sC".;ondary ba!oi!1 with th~ primary DC'

rupant. aovcmment radiolocaUon (radar).
We must not cause intcrference to lovern­
ment operations. and we must tolerate any
interference from them. The ,ovemmcnt
is fr~ to operate where it chooses in these
bands, "'ithout consulting with the secon·
dary user~. although it has chosen to w~rk

..,.ith us to minimiZt potential intcr~rence

problems.

Q. Olca~. but wit}· couldn " 'M}' stick them
4!><'Jye ()r Mlow our btmdtmd botJte,some­
OfIe els,? Afl".o, hit pcform a public
Strdu l4itJr our reputfT'S.

A, The wind prorlier is both a radioloea·
tion device an, $ meteorological aid, and
could Teuonably be assiancd a frfqUf!ncy
in a band havin, eithN allocation. Unfor·
turjately. there are no suitable met aids
band~ aV81lable in the technically a~cep:a­

ble frequency range Continued operation
at 404 MHz and operation anyYo'here in the
4()Q-420 MHz range is prohibitive owin, to
the potential f(lt ioterference to priorit)·
COSPAS/SARSAT systems (searehanl:i·
rescue satellites with wide passband trans­
ponders in low-arth orbit).

The NTIAllRAC examined thf alterna­
tives. They looked at 225-400 MHz. ""hich
is ,.,;}t a racliolo<:ation band. ao\<emmcnt
aeronautical radiou3.viption and fixed and
mobile military scrvkes are accommodated
there. ::>redudiDg wind profllcr operation.

The) also looked at 4S().470 MHz aDd
determined tba~ the effort required to diJ·
place statiom in thi5 con&e6ted land mobilo:.
remote broadcast, public safety and indus­
trial $CJLIlcvt was prohibitive. The same
situation wu pose<! in the: 47o.S12 MHz
sqmcnt in many areas. So, the 420­
4S0 MHz. ranle, wt\ere &OVernment cadi\)­
location is alrcadr the primary senice (with
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amatrurs sccooc:lary), looked to be the most
viable.

Q. Win tt1IIrnQdVC!s consJd",d M;tlrin ,,,,
~1()450MH: btznd!
A.. Yes. The ARRL eonYe~ the fa.;t that
certain sep1enU of this ba."1d re'~uire spe­
cial protection: (1) 432 MH1, becaw.e it is
the center for ww-signal ~perime!1ta.tioL.

Operations hert empk'y highly s~r.siti\"e

recOvers and hiah-pir. an:enr.as; and
(2) 435-438 MHz, ar. irlternatio~l satellite
seam!:Ilt, where any verti~}' directed
radar could cause interference to a satei­
lile passlnZ ov:rhead.

Qth:r roadb)oclcs included the A.:na\~r

TV char.:lel$ at 420426, and 426-432 MHz.
And when the Depa.~mentof Offense lost
its bid to keep the profilers out of 420­
4~O MHz altogether. it exp:essed its desire
that, at (.he \ zry least, the SySllmlS ~bouJd

be placed at a band edze to minimize the
impact OD exis:ina. priority DOD open.·
tiens on the band. IRAC then picked a
2-MHz..widt channel centered on 449 MHz.

Q. H-7r"., was ARRL durin, Dil 0/ this?
Im'l it IUppoud to figM /0' 01lT 1"­
qUnlcUs?

A. First, no frequencies wert l('Ist-we stin
have full a(~O to 'he band, Oe!pite the
far: that the A.RRL had no opportunit~· to
provide offitia1 mpu:. IR.AC 'Was made well
a"l\'are, in~or~ail)', M L~e L.eague·s oppo­
sition to tilt' !>epart!1,)cnt of COD"~onerce'~

proposals, nV\C knt"w we were there, and
ARRL inf~rrn~ it of u-.e concerns outlined
above. and of the t~~iear aspects cf Our
repeaters.

Q. What is ARRL dolt/, nOM' to miJJ,at,
til, 'Ileers O/Ils' 101 rrlUM.')' " dt'tlsio,,'!
A, TI,e ."R~L pmu~de:j NTJAlIRAC Irld
NOAA to t<ike Ol.lr net~ .. into considera·
tion when pla,i!lj these F)'Stems. The
Vague pro\'ided the &ovem~t 'tll'itll tech­
nical charaeteri5ties or tlma:c'lr s)'s~em~,

incladina frequent;' nexibilit), repeater
sensitivity, ~dwidtll, power and antm­
nii rain. Althouih the')' didn't have \0,
JRAC, NTJA, an~ NOAA listened and
ii1ee::! to take whatever practical st~s

p:mible to minimize the impact of wind
profilers on existing users. Exaa!)' bow 1hii
agr~ent will be renecteJ in the Table of
Frequency Allocations is stir being worked
out. Arrangements wil1 be made ..ith
affected repeater &fOU~.

Q. WIuzt is th. "atUr, o/Ilw. am"",.
",nll$ and hOtlt' W'ilJ th,J' bt lo',~ 10
~()mmodllIt (lllt~ltd flPftlenl

0\. As mentioned ea-dier. we Irt in the
>r~sof coreparina pr:>filer and repe;.ttr
:oordinates to identify sptcifk problem
lreai. Ai soon as we know which Tepe8tl:n
Nill be affect~, we wm eontac:t their
:rustees to provide advice and assist4net.
initially, the ARRL. win cffrr ta technical
~vaJuation of each ea&e u nettSsary, Ulli­
nately. affected Te~~er t:-.lsteel> wi!: coor-

HandHn wxpetlence; TI'te Kimberling (MOl ARC ten 1hIl the 1891 Bay Scout
Jamboree on tr. Air (JOTA} was an CJI)pOttunity not only 10 put Scouts on the air. bv1
10 Ihow them another side of A'TIateur Radio. Mark Duple, KflONB, '*PI a couPle of
campers learn to IOlder electronic componen1s as they work on their fIdlo merit
badges. 'Thf club pat1icipattd in a .lOTA outillQ at the Mill QeeIc c.mpgrouncl on
Tabie Rock I..aJ<e In Mi$SOuri', OUr1t Mo'Jnta!na. (phofc CClCit'fISy d Jim Devis, NQtJG)
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verlus NOAA'I pos.Ition with respect to
public: Interllt ud nemsil)'. It wowcl be
an "lis vertUI Tbem" scmario with the
other Ade able to claim the promotion of
air safety and more accurate weather rCI'c­
casting. where every US citizen wouJd clear­
ly benefit. as more com~DI. CoqrtSS
would also uk, "CaD't)lOY share?" 1f we
answered: "No," Wf could 10se ac:eea to t "e
k-MHz ieP11ent entirely. If we lDSWerold
"Yes," we would M\Ie pined QOlhina over
the present sbaring Kenario. And, in tne
process or all of the above, we would I05e
a coI15iderable amoWlt of political capital
that may be needed for fatuIw iuues.

Q, I' tMr•• brlf/rllld, 10 rills'
A. Yes, tbm is, Our ~ndaryallocatio::l.S
are very vulnerable. Tht more sw:c:euful
marina panntrs we have, the more alIi~s

'We have in defendini our continued ao:e:s.
Defense has been a pcwerfw ally in Ute
past, and DO doubt will continue to be; b~Jt

in the future wt'U need aU the help we tlJ1

eet.

Q. Oktl~, w1t4l sJrollld 1uIms do U th41)'

Hllnt til,)' will H DOm,d by tilt
dtploymnul
A. Alain. as mentioned above, the AUL
will attempt to notify repealer "oups of
potential probltml. J\mlteun should abo
notify their rrcquenty coordinatorand COll­

tact ARRL HQ for a technical evaJ~ticn
of the spcocif:ic case. Contact HQ's Regul:l­
tOl')' Information Branch for further (11:­
tails, 1iE:J

TO RAD I AN/PETERr1AN

,
dinale issues ,with NOAA. Tne 80alls to
localize the coordination as soon u
possible.

$c,\me technical solutions include movml
thr frequency of the repeater, OJ appropri­
ate prOfiler sitin., Shifrina repealer or
profiler ant'Dr.a radiation patterns u
another possibility; For eumplt, a pronJer
null could bf! directed toward all afret'ted
repeater.

(1. J.fI'IrDf WGS tht FCC in tllJ 0/ thts. GIUl
wh)'-~ 'I ~·t nari/i,d oj tMse pt'opoSflls
as requInd by til, Adminisvlld,," Prou­
dJ,va At:t1 SIIollldn'l ...., Just complflJn to
1M FCCt
A. The FCC bas no authority in US
iovemment frequency allocation matters.
Simply, the FCC is responsible for DOD­

lovernrnent communicatioIli, and the
NTIA is responsible fer ao\'ernment o~;·
ations, which have priori\)' in this band,
NT1A proposali and deewonl aIe Dot sub­
ject to the same public par..icipation reo
Q\fuemenu that apply to the FCC. The
FCC is invited to observe lRAC meetinas
an.:! m.y is~ue informaJ comments. but it
has no authority in such matters, So,
reBisteri:li opPC5ition with the FCC Voill

haVf DO effect as tM is a aO"'crnment,
l'IllL-\"lKAC Quest3on.

(l. WhJ' shouldn't w.. scruun alxJUI this to
C01'/fmS'

A. Ifa complaint Vo~ rai5ed with Consress
over tro. is.sue. we would put ourselves in
tf'le J'O'ition of bei.j1g judeed by polit)o
makers as to the merits of our position
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O
perational wind profiler radar
5Ystems are relatively new, al·
though the National OCeanic and

Atmospheric Administration (NOAA) hili
been experimentins with profiler technol­
ogy for almost twenty years. Early
experiments conducted at Commerce
Department laboratories in Boulder.
Colorado, showed the usefulness of pro­
tilet technology in measuring large-scale air
movements-information of ,reat value to
meteorolo&ists.
Prom~ also prot;ide significant (but

nOD-obvious) benefits to aviation. Tbey
permit the tracking of ash clouds trom
erupting volcanoes, so air<=raft can be routed
safeI)' around them. On several occasions,
these clouds have nearly caused disasters
by chokinS off the ensines of jet aircraft.
Profilers can also reduce aircraft operating
apenses by lettiDi planes ride f."orable
upper-air currents.

rrorder Speclrln
The performance of profiler radars is

dependent on operatill& frequency> avail.
able bandwidth and the distribution of
atmospheric turbulent eddies.

Like any radar, profilers depend on echo
retums-si,nais reflected from the target

Government wind profl1erl have
been authorized to use 44' MHz.
What are wind profllers. enyway?
Why did they end up an this
frequenc;y when It'. "ready used
by ameteur ,.peeters In many
parts of the eountry? And what
ImJ)Kt, If any, will they NYe on
ham l'ICIIo?

In a uquence of two Invttecr
articles, NOAA engineers will
.,..er these questions, gtvtng an
IMId.,.'. perapecQve on how wind
praftler's wOlfe and how the
decision was·,.... to put them
onU8.

Oneart1cle, by o.niel C. Law,
8ft engineer with NOM's
Forecast System Labomory In
&aulder, CoIorIIda. will IIPPellt'ln
an upcomfng Issue. It cIetH with
the functlon. and chlrKtertslica
of profUera-how they work end
whet they-,. UNd for,

ThIs month'slltlcle wa written
by RIchard earth, WSHWN, Who
helld_ the Offtce of A8dIo
FrtlqUency ......gement for the
US Depattrnnt of Commerce.

AtvPIcat wlnd l)fOfI1er I'8dar lnatallallon,
Note the 400 )( 4O-foot Intent'uI array and
the perimeter fence, UHd for~
purpo&es and to r.duce Iide-iobe
i'IldraUon.

the I'Idar is _king. Common radar targeU
are planes, boats and speeding cars, but for
profilers, the target is refractive index ftuc:­
tuations in the air. Profiler lignals are
reflected from turbulent eddies, plaoe.s
where &be air swirls much Ute watel loing
down the drain. A return is created wben
the physical size of an eddy approximates
• baIf waveleJ1&1h at the radar's operatiDg
frequeocy. Eddies are not uniformly dis­
tributed thrOU&hout the atmosphere: wee
eddies exist trom ,round level to signUlaUlt
altitudes, while smaUer ones drop off rapid·
Iy as altitude increases.

The result is that lower-frequency pro­
rders work well at aU II1titudes. while
bigber·frequency profilers are usetul
primanly dose to the Jl'ound. Further, use
of the wider bandwidths available at higher
frequencies makes it pouible to aet finer
deWl close to the &round_ where it is mast
useful.

Fiodine Frequeaeies
The useful frequency ran. for profilers

is roulbly So.l200 MHz. For its plarllted
systems, NOAA determined that frequen­
cies between 100 and SOO MHz provide tbe
~ pertormanc;.'e.

Government radars operate in frequency



Fig 2-A graphic depiction of the wind profiler sit. shown on page 22.

WARc-92 Declines to Designate Interim Frequency for Wind Profllers
While the question of frequeney allocations for wind profiler radars was not

on the agenda for WA.Qr,.92. the conference adopted a rfK:Ommendation that
invites the CC1R to continue i\s studies relatlng to wlnd ptOfi!er radars and Invites
1he ITU Administrative Council to consider pla<:ing the qtreStion of appropriate
frequency .llocatiOns for their operational use. in the genera' vicinity of 50, 400,
and 1.000 MHZ, on the agenda of the next WARe.

The us had sought a provision in the recommendation designating 449 MHz
es an interim frequency for wind profile' radars internationally. The IAAU position
on the matter was tha1 d9s~nation of an interim frequency is premature until the
above-mentlontd CClR studie$ are completed. (l'heu studies ~te to the
technically suitable treq~ bands. associated standards and frequency 5haring
crit.eria necessary for compatiblllty wtth &8fVice& that may be affected.)

The Conference took the same position as the '''AU. The recommendation
adoptiod at WARC-92 urges administrations to avoid using 402-406 MHz. In order
to avoid int&l'fering with the COSPA5-SARSAT sys1em. but Is silent With regard to
an Interlm frequencv.

That the US did not achieve the designation of an Interim frequency for Wind
promer radars at WARC-Q2 has no effect on the use of the frequency Within ,he
US. The band 420-450 MHz is aJ~ed for primary use by the Radiolocation
Service In the US. (In most of the world, radlolocatlon is secondarY at~
4SO MHz.)-David Sumner. KIZZ
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which is officiaJly alloaued to radi05On<lCli,
or "weather balloons."

There arC uplinks to metcoroJogical satel­
lites below 403 MHz, 50 this part of the
baDe! had to be a'Yoi<led. The: 403-406 MHz
band is 110t allocated to radars. so proraIcrs
here operat~ NIB. which is acceptable be.
cau...oe they're still experimental anc:t not pan
of an operational system.

Soon after the first profilers bcaan
operating in this band, they began to in­
terfere with NOAA', SARSAT (Search and
kCSC\le Satellite Aided Tracking) network.
SARSAT receives cmerlency signak from
EPIRBs (Emeraency Position lodicatinl
Radio Beacons) on 406.OS MHz. COSPAS
satellites. the: Russian equivalent to
SARSAT, had the same problem.
Although protiler signals are "clean,"
SARSAT receivers are 50 extraordinarily
sensitive that they were being dt$Cmitized
by the profaJers.

As a short-term solution. profilers are
turned off whcDever a SARSAT or COOPAS
satelJite passes through the main beam.
This hli permitted the small Dcmol1$tra­
tion Network to continue its assessmenu.
The larser operational network would
produce so much noise from its many over·
lapping side lobes that SARSAT's lifesav­
ing mislion would be badly compromised.
This is unacceptable; it became clear that
another band had to be found for profilers.

The radar band at 420-450 MHz was the
only rusOl'lJlble choice. After extended
study, the NTIA decided that profilers

allocation. For years, these radars have suc­
cessfuIly shared their territory with radio
amateurs. who have a second&l}' allocation.
NOAA couldn't use this band. however,
because radar operations were limited to
the military by footnote G2 to the US
Tables of Frequency Alloa.tions. As a
result. NOAA built a proflJer Lest bed,
called the Demonstration Network, usin&
404.37 MHz as its operating frequency. A
number of other ~perimental profilers
were also built in the 403-406 MHz band,

bands allocated to them by the National
Teleeonununicatiol1l and Information
Adminiatration. (1be NTlA eMl'cises the
Prcaidcnt', power under the Communica.
uons Act to regulate radio usc by agencies
of the Federal government.) It is in these
bands that they must stay if they expect to
receive the protection "tbe system" affords
to those who "lay b)' the rules.

'Wben different services share a frequency
band. two types of aUocatiol1$-primary
and secondary-set them apart. Primary
USCr5 can claim protection from secondary
weTS. Other things being equal. systems
with equal stat loiS share on a "fil"$t come.
first served" basis. Systems operating
without an allocation must do so on a non·
interference basis, termed "NlD."n.ey are
DOl permitted to interfere with. and must
accept any interference they rective from,
stations operating with an official alloc:a­
cion. Profilen will be an im:x>rtant national
U5C't, so they need a frequency on which
their operation can be protected. In other
words, a primary allocation is needed.

Not long ago, there were two radar
baDd$ in the ranae of interest. The first was
216-22S MHz. Hams are familiar with the
chanSes recently made there. What', left
is a secondary allocation. to military radars
only. from 216-220 MHz. There~ also
secondary allocations to the futed service.
land mobile and aeronautical mobile. Mari­
time mobile hu a primary allocation and
it widely used on rivers and lakes through.
out the US. The: ARRl has petitioned the
FCC to permit amateur operations below
220 MHz. Worse yet, there is an interna­
tional footnote to the allocation table.> stat­
ing that radars in this band should be
phased out. All in all, the band presents II
pteUy inhospitable climate for NOAA's
planned national pro!ilet network..

The only other radar band in the region
of interest is at 420-450 MHz, where
&overnment radars have the only primary

pro­
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for repeater outputs, interference will b<
minimized by the fact that mobile station!·
typically have loYt'-pin antennas-a couple:
of decibels for a car Installation. still less
for a rubber duck antmna. A test by rhe:
ARRl showed a profiler signal to be
inaudible five miles away, in a typical PM
rec:eiver connected (0 a mobile whip
antenna.

Tcdmical concerns, white real, appear Ie.
be manqeable. The National Weather
Service. the part of NOAA that will operat~:
the profiler network once U's in place, bl!;
a looa record of cooperation with thl~

amateur community in SKYWAJtN and
other public service activities. We expect
that this sort of cooperation will continut.
and intend to do our best to ensure that it
does. lostallation of NOAA's network is
nor expected to belin Cor another five tl)

ten yean. During that time there wiU be
plenty of opportunity to plan profiler jn­
stallations in a wa)' thar will impose the
fewest possible constraints on amateur
operations. UE:J

"clutter." are mucb stronger tbar. those
from the clear atmosphere. Profilers would
not work if side lobes. hence clutter, were
not kept to a very low level. Also. repeat­
ers in the 44O-MHz band tend to cluster
near population centers. PTofilers. on the
other hand, will be built in rural areas
where eleclrical noise is reduced and land
is cheaper.

Should it prove~ to install a
profiler near an eDiting repeater site, a
number of step' can be taken to minimize
problems. In the eastern half of the US and
in northern California. 449 MHz is used
almOSt cxcl\l$ively for repeater inpuu. This
means that climinatin& profi1er interference
to a single bam site-the repeater-will
solve the probl~m in these areas.

Protilc:r antennas have definite nulls in
their side lobe radiation patterns. one of
which can be aimed at the repeater.
Repeaters also have nulls, or can be made
to have tbem. These. too, can be used to
advantaee. In areas where 449 MHz is used
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could use the band. but would have to
operate as clo~ as possible to the upper
edge. This would minimize interference to
the military, which uses the band for air­
borne and other radar operations involving
national security. Profilen are pennitted a
bandwidth of no more than two mephertz,
SO "as close as possible" means 449 MHz.

Sharint tbe Band Witla Hams
The 448-450 MHz area is u.w.1 by

amateur voice repeater! in maJ'\Y parts of
the country. This fact was considered by
the NTIA. which decided that sharing be­
tween proraJers and amateurs is feasible.
There are several reasons for this. Prortlers
radiate straight up (or almost so): The main
beam is never more rfum about ) 5• degrees
Crom the zenith. The presence or side lobes
at low elevation ang1cs is minimized by the
desisn of the antenna, which is a square
forty feet 00 a sidc, and by the presence
of • metal screening fence around the
profiler site.

Radar returns from the ,round. called

Fig 3-This output from a wind profllef r&dar shows wind speed and direction from 0 to 19 !un above the site 0\111I' 8 12-hour period.
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INTRODUCTION

In recent years, the Lake Michigan Air Quality Region (LMAQR), which encompasses parts of
Wisconsin, Illinois, Indiana, and Michigan, has experienced numerous violations of the 12 ppbm ozone
National Ambient Air Quality Standard. Portions of all four states in the region have been designated
nonattainment areas for ozone. Control strategies adopted to date have not achieved the desired reductions
in ozone levels in the region. Despite a reported decrease in ozone precursor emissions during the 198Os,
there has not been a corresponding decrease in the number of ozone exceedance days or in maximum ozone
concentrations. These exceedances may be caused by a combination of local emissions, direct transport of
ozone and precursors from upwind areas, and carryover of previous day's emissions. Both direct transport
and carryover mechanisms may involve processes that occur over Lake Michigan. Evidence suggests that the
complex meteorology of the lake-shore environment may be the most important factor in determining
concentrations patterns, although uncertainties in emissions and chemical mechanisms must also be better
understood before adequate control strategies can be implemented.

To develop a better understanding of ozone source-receptor relationships in the LMAQR, the four
states that comprise the region and the U.S. Environmental Protection Agency (EPA) are sponsoring the
Lake Michigan Ozone Study (LMOS). The background and purpose of the study are described in a scoping
study report and in a conceptual design plan1

.2. The major elements of the LMOS include:

> A field measurement program to monitor air quality and meteorological variables on a routine basis
and to collect an enhanced data base of surface and aloft air quality and meteorological observations
during periods of high ozone concentrations;

> Analyses of historical data and data collected during the field study;

> Preparation of an updated emissions database; and

> Development and evaluation of numerical models to simulate the meteorological and air quality
mechanisms that occur during ozone episodes.

The field measurement program was conducted during the summer of 1991. The overall goal of the
field study was to provide data of known quality to support the development and evaluation of the
meteorological and air quality models. Specific technical objectives of the field study included:

> Characterizing the prevailing meteorology of the study area, including transport patterns and
atmospheric structure;

> Characterizing the air quality conditions and pollutant fluxes in the study area; and

> Developing an understanding of the important source-receptor relationships, including the key
dynamic processes.

The purpose of this paper is to describe one of the components of the LMOS field study, namely the
operation of a network of fourteen (14) sites where upper air meteorological data were collected. Other
measurement components of the LMOS field study included an expanded network of surface air quality and
meteorological sampling stations; operation of a suite of instrumented aircraft to measure aloft air quality;
and special studies such as using sulfur hexafluoride (SF6) as a tracer to try to monitor air flow patterns
along the western shore of Lake Michigan.

Of the 14 LMOS upper air sites, seven were equipped with rawinsonde sounding systems that
measured vertical proflles of winds, temperature, and moisture during Intensive Operational Periods (lOPs),
which were called when weather and pollutant forecasts indicated that high ozone levels were expected in the

2
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region. Three of the balloon sounding sites were located on small boats that deployed onto Lake Michigan
during lOPs. One of these boat-based stations also measured vertical proflles of ozone concentrations using
a commercial ozonesoode. The rawinsonde stations were operated by Sonoma Technology Inc. (STI) and
Technical and Business Systems, Inc (T&B).

The remaining seven upper air sites were equipped with 915 MHz Doppler radar wind profllers that
measured winds aloft continuously during the study. Two of the profller sites were also equipped with Radio
Acoustic Sounding Systems (RASS), which measured virtual temperature as a function of altitude. The radar
profllers were operated by STI and Radian Corporation.

In the following sections, we present an overview of the upper air measurement program, including
descriptions of tbe sampling equipment, the network design and sampling strategy, operations summaries,
and tbe data processing and quality control (QC) procedures tbat were applied to the data. We also present
some examples of preliminary analyses of tbe upper air data.

OVERVIEW OF THE UPPER AIR PROGRAM

The goal of tbe upper air measurement component of the LMOS was to provide data to support
objective analyses and numerical modeling of the meteorological processes affecting the formation and
transport of ozone in tbe LMAQR, especially during periods of high ozone concentrations. The upper air
network was designed to monitor regional-scale meteorological processes and tbe evolution of mesoscale
circulations sucb as lake breezes. Some of the specific technical objectives of the upper air measurement
program included:

> Provide meteorological fields to initialize, bound, and otberwise optimize the output of prognostic
meteorological models used to predict winds, temperature, humidity, and mixing depth throughout
the study domain;

> Provide a field of observations to evaluate the performance of the meteorological models; and

> Provide a field of observations to study meteorological phenomena within the study domain.

Description of Measurement Systems

Table 1 identifies the locations of the 14 upper air sites and lists the equipment used at each site.
Seven of the sites were equipped with lAP-3OOCJ radar wind profilers. The sites at Zion Shoreline (ZlS) and
Grafton (GRF) were also equipped with RASS instruments for measuring virtual temperature as a function
of altitude. These instruments were developed by researchers from the Aeronomy and Wave Propagation
Laboratories of the National Oceanic and Atmospheric Administration's (NOAA) Environmental Research
Laboratory (ERL)3,4. Radian and STI have entered into a Cooperative Research and Development
Agreement (eRDA) with NOAA/ERL to commercialize this technology. Many of the applications to date
for the 915 MHz radar wind and temperature profller have been in regional air quality studies with
objectives similar to those of the LMOSS

,6. However, this was the first use of a commercial version of the
instruments. Table 2 summarizes the operating characteristics of tbe profiters deployed for the LMOS.

The lAP-3OOCJ is a small, portable, PC-based Doppler radar profiler for measuring vertical profUes
of winds in the lower troposphere. The profiler transmits radar energy at 915 MHz along three beams (one
pointed vertically and two orthogonal beams tilted 15° from the vertical). Some of this transmitted energy is
scattered by inhomogeneities in the index of refraction in the clear atmosphere and received back at the
radar. Vertical and horizontal velocity components are then determined by measuring the Doppler shift of
these received signals. With appropriate algorithms, horizontal wind speeds and directions are computed as
a function of altitude and corrected for vertical air motions by the lAP-3000's data acquisition system.

3
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The principle of operation behind the RASS instruments is that by transmitting acoustic energy into
the vertical beam of the radar at wavelengths matching the half-wavelength of the radar, Bragg scattering will
occur which will allow the speed of the acoustic signals to be tracked by the radar. Knowing the speed of
sound as a function of altitude, virtual temperature (Ty ) proflles can be calculated after correcting for vertical
air motions.

The seven rawinsonde stations were all equipped with VIZ W-9000 Loran-based navaid sounding
systems. The three boats used to collect upper air data over Lake Michigan were operated by North
American Weather Consultants (NAWC) and were based at a marina located in Waukegan, IL. NAWC
collected surface air quality and meteorological data on the boats and their crew helped STI's operator
perform the upper air soundings. The boats departed to their pre-assigned stations on Lake Michigan at the
beginning of lOPs and remained on station (as conditions permitted) until the experiment was terminated by
the LMOS Field Manager.

At each rawinsonde station, a radiosonde (model VIZ Mark-II) attached to a helium-filled weather
balloon was used to measure atmospheric pressure, temperature, and relative humidity as the balloon
ascended. The balloon was inflated with enough helium to produce an ascent rate of approximately 3 m/s.
The radiosonde's data were transmitted to a ground-based receiver and data acquisition system, where they
were converted to engineering units based on calibrations established by the manufacturer. The altitude of
the balloon was computed by integrating the hydrostatic equation using the pressure, temperature, and
moisture data. Winds aloft were obtained by measuring the change in the balloon's position as a function of
time and altitude. The VIZ W-9000 determined the position of the balloon using the Loran-C radio
navigation system. Table 3 lists the specifications of the VIZ W-9000 sounding systems used in the field
study. Given the 1.2 second sampling rate for the radiosonde's sensors reported in Table 3 and assuming a 3
mls ascent rate, the vertical resolution of the radiosonde's data was approximately 3 to 5 m. Likewise, tbe
15 second averaging interval for the wind calculations reported in Table 3 corresponded to a vertical
resolution of approximately 45 m for the 'wind data.

At the Mid-Lake Boat (BML) station, ozone soundings were performed in addition to the
rawinsoundings. The ozone data were collected using an electrochemical concentration cell (ECC)
ozonesonde manufactured by Science Pump, Inc. The ECC ozonesonde measured ozone concentrations by
generating an electrical current in proportion to the rate at which ozone was pumped through the cell. The
electrical current was generated by potassium iodide solutions of different concentrations contained in
separate cathode and anode chambers. Komh)'T and Harris' describe the ECC ozonesonde and its principles
of operation. The ozonesonde was attached to a modified VIZ Mark-II radiosonde for the ozone soundings
so that wind, temperature, and ozone data were collected simultaneously. The specifications of the ECC
ozonesonde are included in Table 3.

Each ra.....insonde station was equipped with a digital aneroid barometer (Peet Bros. Ultimeter) to
measure station pressure prior to the launch of the balloon. The measured station pressure was used to
correct any offsets in the surface pressure reported by the radiosonde. The site barometers were calibrated
at the beginning and end of each lOP against a reference digital aneroid barometer. The barometer used for
these calibrations was an Atmospheric Instrumentation Research, Inc. (A.I.R.) model AIR-HB-lA.

Network Design and Sampling Strategy

The distribution of the sites in the upper air network is shown in Figure 1. The basis for the general
design of the network was to use the radar profllers to collect continuous observations along the shoreline of
Lake Michigan in an attempt to monitor the onset and structure of the lake breeze; the rawinsonde stations
were deployed so as to monitor conditions along the boundaries of the study area and over Lake Michigan
itself.
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Data collection was most intense along the so-called two-dimensional data plane (2DDP) shown in
Figure 1. The two radar profiler sites located near Benton Harbor, MI (BHE and BHA) formed the eastern
end of the 2DDP. The Mid-Lake Boat (BML) station was deployed during lOPs to collect rawinsoundings
and ozone soundings in the middle of the 2DDP. Likewise, the South Lake Boat (BSL) site collected
rawinsoundings during lOPs approximately 5 km offshore of Zion, IL. Three upper air sites were positioned
close together between Zion Shoreline (ZIS) and Zion 5-Mile (Z5M) to examine the spatial and temporal
characteristics of lake breeze circulations. Both ZIS and Z5M were equipped with lAP-3000 radar profUers.
The Zion 2-Mile site (ZIO) was equipped with the VIZ W-9000 rawinsonde system. Data were collected at
this site only during lOPs. A second data plane (not shown in Figure 1) was formed by the Grafton and
Slinger (SLI) radar profUer sites and the North Lake Boat (BNL) rawinsonde station.

Each day of the field study, tbe LMOS Field Manager decided if weather and pollutant conditions
were favorable for beginning an lOP. The Field Manager would issue a "go" to begin sampling the day
before an lOP was to begin. Once an lOP was started, the rawinsonde stations began performing soundings
at 0600 CDT on the first day of the lOP and continued performing soundings every three hours until the
experiment was terminated by the LMOS Field Manager. To meet this schedule, the three boats had to
leave the Waukegan marina shortly after midnight on the day the lOP was to begin to reach their designated
station in time to launch the 0600 CDT sounding. The fmal sounding of an lOP was scheduled to be taken
at 2100 CDT on the last day of an experiment. The ozone soundings were taken on the Mid-Lake Boat four
times daily on lOP days. Ozone soundings were collected at 0300 CDT, 1200 CDT, 1500 CDT, and 1800
CDT. The 0300 CDT ozone soundmg was not taken on the first day of an lOP since the BML boat was still
travelling to its designated station.

All soundings were scheduled to be performed to 500 mb (approximately 5500 m msl) as conditions
permitted. While a sounding was underway, the station operator monitored the incoming data and routinely
checked the general performance of the data acquisition system. If the operator detected any problems that
caused significant data losses or produced erroneous data before the balloon reached an altitude of at least
1500 magI, the operator attempted to perform a new sounding (as conditions permitted).

The radar profilers operated continuously during the field study and the sampling strategy was the
same regardless of whether or not an lOP was underway. The data acquisition system of each profiler was
programmed to compute hourly-averaged ....ind profiles for each of two modes of operation. In the flfst
mode, each pulse of energy transmitted by the profiler was 100 m in length, that is, the depth of column of
air being sampled was 100 m. With this first mode, the vertical resolution of the wind data was the same as
the pulse length, namely 100 m. In the second mode, the pulse length, and thus the sampling volume and
vertical resolution, was increased to 400 m. The longer pulse length meant that more energy was being
transmitted for each sample, which improved the signal-to-noise ratio (SNR) and thus increased the
maximum altitude to which data could be collected. These two modes were chosen as the best compromise
between achieving the best vertical resolution possible and maximum altitude co\'erage.

With the 100 m mode, the maximum altitude to which data were collected varied from to 1 to 3 km
altitude, depending on atmospheric conditions. With the longer 400 m pulse length, the maximum altitude to
which data were collected varied from 3 to 5 Ian agl altitude, again depending on atmospheric conditions.
To offset some of the loss of vertical resolution associated with the 400 m mode, a technique called
"over-sampling" was used. A 400 m pulse length was still transmitted, but overlapping volumes were sampled
so that wind observations were collected every 200 m (the column of air over which the winds were averaged
was still 400 m deep, however).

When profiling for winds at SLI, Z5M, BHE, and BHA, each of the three beams of the radar was
sampled for approximately 20 seconds in each mode. Thus, it took about 1 minute to measure the horizontal
and vertical components of the wind in each mode. This meant that each mode's hourly-averaged wind
profile was based on 30 I-minute samples. When profiling for winds and temperatures at ZIS and GRF, the
first 10 minutes of each hour were used to coUect RASS data, from which an averaged proflle of virtual
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temperature was computed. Because the SNRs associated with RASS sampling tended to be very large, a
shorter pulse length was used (60 m) to better resolve the vertical temperature structure. The remaining 50
minutes of each hour were used for routine wind profiling. Thus, the averaged wind profIles in both the
100 m and 400 m modes collected at ZIS and GRF were each based on 25 1-minute samples. All of the
1-minute data were archived during the field study; these data will be used to examine finer-scale features of
lake breezes than the I-hour averaged data will permit.

SUMMARY OF FIELD OPERATIONS

During the planning and design phase of the field study, general areas were selected where the
rawinsonde and radar profUer measurements were desired. During the spring of 1991, STI, T&B, and
Radian staff located specific sites suitable for rawinsonde and radar profIler operations and made
arranrements for site leases, shelter, power, telephone service, and security. The team of upper air operators
who would perform the balloon soundings was also selected during the spring. Most of the upper air
operators were undergraduate or graduate majors in meteorology from the University of Wisconsin (UW) at
Madison. Two operators were assigned to each of the shore-based upper air sites. One STI operator was
assigned to each of the three boats. He was assisted by the NAwe crew who operated the boat. In
addition, a UW student was hired as a field technician to help with the collection and processing of the radar
profUer data.

Summary of Rawinsonde Field Operations

The STI and T&B field management team arrived in the field in early June to prepare the upper air
sites and to set up a field operations center, which was located at the Waukegan Airport in Waukegan, IL.
Prior to the start of field operations, a 3-day training sessions was held at the operations center for all the
upper air operators as well as the NAwe crew chiefs and crew members assigned to the boats.

During the training session, the operators were taught bow to perform soundings with the VIZ
W-9000 sounding system. The operators performed soundings jointly \\ith their partners and individually
until the field management staff were satisfied that each operator could successfully operate the sounding
equipment. Each member of the upper air team was instructed in the standard operating procedures (SOP)
for collecting the upper air data and for completing all required documentation. The training session also
covered the procedures for transferring the data from the field to the operations center and for maintaining
routine and emergency communications with the field management team. Additional on-site training was
provided individually to each operator during installation of tbe sounding equipment at each site. The
operators assigned to the Mid-Lake Boat were given special training in the procedures for performing the
Ozone soundings.

Field operations formally commenced on June 12, 1991 when a "test day" was conducted for all the
LMOS participants. Upper air soundings were performed at 1200 eDT and 1500 eDT by all stations, with
the operators required to follow all sounding procedures just as though an actual lOP was underway. The
intensive operational period began on June 17, 1991 and continued until August 9, 1991. During this time,
the upper air field manager or his designee spoke daily "ith the LMOS Field Manager regarding the
readiness and status of the upper air network for sampling for the next 24 hours.

Two lOPs were conducted during the field study. The first intensive occurred during the four day
period June 25·28, 1991. The second lOP took place during the three day period July 16-18, 1991. A total
of 364 rawinsoundings (52 per station) were scheduled during these two experiments. Likewise, a total of 26
ozone soundings were scheduled to be collected by the Mid-Lake Boat station. In addition, a limited set of
upper air data were collected on July 31, 1991 as part of an aircraft intercomparison study. During this
intercomparison, two rawinsoundings were taken by the South Lake Boat (BSL) at a position approximately
15 miles east of ZIS. One rawinsounding was performed at the Zion 2-MiIe site during the intercomparison.
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Both stations also measured vertical profUes of ozone using the Eee ozonesondes during the three
soundings.

In general, operations of the rawinsonde network proceeded smoothly during the field study with
only a few problems that adversely affected data recovery and quality. Table 4 summarizes data recovery
during the two lOPs at the seven balloon sounding stations. The four land-based sites performed all of their
scheduled soundings for a data recovery rate of 100%. Data recovery on the three boat-based stations was
somewhat lower owing to adverse operating conditions, which are discussed below. The boats collected 125
of their scheduled 156 soundings, or 80% of the scheduled soundings. Overall, the upper air rawinsonde
network collected 92% of the scheduled rawinsoundings and n% of the scheduled ozone soundings.

Equipment problems at Kankakee (KAN) during the first lOP caused some loss of data above
800 magI; a faulty 404 MHz receiver, which caused weak reception of the signals from the Mark-U
radiosondes, was the source of the problem. A spare VIZ W-9000 was installed at KAN before the June 15,
1991 1500 eDT sounding. It functioned properly until the June 26 0000 eDT sounding, when its Loran
receiver began to fail. Most of the v.ind data were lost in the June 26 soundings through the 1800 eDT
sounding while the field team worked with the manufacturer to try to isolate and correct the problem.
Beginning v.ith the 2100 PDT sounding on June 26, wind data at KAN were obtained by tracking the balloon
visually using an optical theodolite. VIZ shipped a replacement Loran receiver to the field, which was
installed at Kankakee in time for the 1500 eDT sounding on June 27, 1991. The new unit worked properly
for the remainder of the lOP.

During the first lOP, the Mid-Lake Boat suffered a power outage and fire that prevented the upper
air operators from performing several scheduled soundings (including several ozone soundings) and also
damaged the sounding equipment. With the concurrence of the LMOS Field Manager, the VIZ W-9000
assigned to the North Lake Boat was transferred to the BML boat early on June 27, but it too experienced
signal losses due to continued electrical problems on the BML boat. These problems caused intermittent
data losses in many of the BML soundings during the frrst lOP, particularly at levels above approximately
850 mb (roughly 1500 m msl). However, these problems were corrected by the second lOP (with the help of
a portable auxiliary generator) and all scheduled BML soundings were performed for the July 16-18, 1991
episode. Rough weather during both lOPs forced the North Lake Boat to return to port for several hours
during each lOP, so some BNL soundings were not performed.

Summary of Radar Profiler Field Operations

STI and Radian staff arrived in the field in late May to deploy and test the radar profJ.ler equipment.
Once each site was established, a field engineer monitored the operation of the instrument for 1 to 2 days
and adjusted its operating characteristics as appropriate to reduce the effects of ground clutter and to
maximize data recovery. Prior to the start of the intensive operational period, a senior engineer from
NOAA/ERL/WPL traveled to the field to check each profiler and to "fme-tune" each instrument to its
particular operating environment.

At each profiler site, the wind and temperature data were stored on the hard disk of the LAP-3000's
personal computer. The data were also sent via serial port to a second personal computer located at each
site. This so-called "front-end" computer was used to store copies of the data and to provide remote
communications to a network hub computer located at the field operations center at the Waukegan Airport
(the front-end computer was also used to send data to STI's offices in Santa Rosa, CA). The network hub
automatically called each LAP-3000 front-end computer once per day and down·loaded the previous 24 hours
of data. Manual operation of the communications system was also used so that the most recent data from a
profUer site could be obtained at any time if needed (e.g., to support real-time operations during the tracer
experiments).
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In addition to the remote transfer of data from the profJ..Ier sites to the operations center, a field
technician visited each site weekly during non-lOP periods and immediately before and after each lOP to
check on the condition of the equipment and to make back-ups of the data collected since the last visit.

One component of the LMOS field study involved independent quality assurance audits of each
profiler site. These audits, performed by AeroVironment Inc. (AV), included a review of system operating
procedures by the auditors and an intercomparison of wind data collected by the proftler with wind data
collected by an AV Doppler acoustic sounder (sodar) that was brought to each profJ..Ier site and operated for
approximately 24 hours. The intercomparisons were based on averaging winds measured by the sodar and
profJ..Ier over comparable volumes of the atmosphere and computing average and maximum differences
between the two data sets as a function of altitude.

Table 5 summarizes AV's results from these intercomparisons. We have also calculated rms
differences between the profJ..Ier and sodar data and included those results in Table 5. Although there are
differences between the two measurement techniques and in the sampling and data reduction procedures
used by each instrument, the results sho\\n in Table 5 indicate that there was quite good agreement between
the two instruments. Dye and Lindsey! discuss the performance of the proftlers and the results of the audits
in greater detail.

There was one significant issue that adversely affected data recovery by the profllers. Several key
components of the profilers were also used in weapons systems deployed for the war in the Persian Gulf. As
a result, these components were not available from their suppliers in time to meet the schedule of the LMOS
field study. Instead, substitute parts, designed by the engineers at NOAA's Aeronomy Laboratory and built
by Radian, were used in each of the profilers. While these parts performed satisfactorily in nearly all
respects, they did limit the minimum altitude at which winds could be routinely measured to approximately
150 to 200 magI. The maximum altitudes that could be sampled successfully were also somewhat lower than
would otherwise have been expected. Likewise, the RASS at Zion Shoreline did not perform well at the
beginning of the field study, in part due to these equipment problems. By the end of July, Radian had
received a sufficient number of parts to upgrade the Zion Shoreline proftler to the specifications originally
called for in the NOAA design. Data recovery did improve at ZIS after this upgrade.

\V'hile waiting to upgrade the Zion Shoreline profiler, the acoustic sources from the Grafton RASS
were moved to ZIS in an attempt to improve recovery of temperature data at ZIS. Data recovery did
improve at Zion Shoreline with the addition of the extra acoustic sources, and more improvement in RASS
performance came when the custom-made components of the ZIS profiler were replaced with their
commercial versions. The Grafton RASS was moved on 7/2/91 and replaced on 7/29/91. No temperature
profiles were measured at Grafton during this period.

A few other minor problems affected data recovery by the profilers. A storm system passed through
the region on 7/7/91 and slightly damaged the profilers at Grafton and Benton Harbor East, causing a few
days loss of data while they were being repaired. Occasional power outages caused data losses at Benton
Harbor Airport and Gary. None of these problems affected data recovery during the lOPs, except for a loss
of 22 hours of data at BHA when power was off.

DATA PROCESSING AND QUALITY CONTROL

The goal of the data processing and quality control element of the upper air program was to
produce a data base of rawinsonde and radar profl1er observations at Levell validation. For the LMOS,
Levell validation meant that each rawinsounding and each 24 hours of lAP-3000 wind and temperature
profl1es had been subjected to quantitative and qualitative reviews for accuracy, completeness, and internal
consistency and that the validity of each data point was identified by the use of quality control flags.
Furthermore, Levell validation meant that erroneous data had been removed from the data base and that
questionable data were identified to users via the QC flags. Quantitative screening was generally performed
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